Vitamin D has an important role in pregnancy in promoting fetal skeletal health. Maternal dietary intake is a key factor influencing both maternal and fetal status. There are limited data available on food groups contributing to vitamin D intake in pregnancy. The aim of this study was to determine dietary intakes of vitamin D throughout pregnancy in 64 women and to determine the main food groups contributing to vitamin D intake. Results showed that median dietary intakes of vitamin D ranged from 1.9-2.1 mg/d during pregnancy, and were 80% below the current recommendation. The principal food groups contributing to vitamin D intake were meat, egg and breakfast cereal groups. Oily fish, the best dietary source of vitamin D, was consumed by o25% of women. These data call for more education; they question the role of vitamin D supplementation and highlight the contribution of other food groups more frequently consumed, namely, breakfast cereals, meat and eggs.
Introduction
There is considerable interest in vitamin D recently as poor vitamin D status is associated with both skeletal and nonskeletal diseases including diabetes, cardiovascular disease, certain cancers and mental health disorders. In pregnancy maternal vitamin D status is closely correlated with childhood bone mineralisation. Vitamin D has a crucial role in promoting normal fetal skeletal growth and development during pregnancy. Severe maternal deficiency causes infantile rickets; however, insufficiency is associated with reduced intrauterine long-bone growth and poor bone mineralisation in childhood (Mulligan, 2009) , as well as shorter gestation and lower infant birthweight (Lucas et al., 2008) . Our main source of vitamin D is through cutaneous synthesis in the presence of UVB sunlight and also from our diet, principally oily fish and fortified dairy products. However, consumption of certain dietary sources of vitamin D (such as liver, undercooked eggs and tuna fish) is restricted during pregnancy, thereby, even further reducing a pregnant women's chances of meeting recommended intakes from food alone (Food Standards Agency, 2008) . There is a great paucity of data of food groups contributing to vitamin D intake in pregnancy in the western world. The prevalence of maternal vitamin D deficiency during pregnancy has increased in recent years, with a concurrent rise in the incidence of rickets. This is particularly evident in countries residing in northern Europe such as Ireland where the main cause of poor vitamin D status is lack of sunlight exposure for much of the year (Hill et al., 2004) . Ireland lies on a latitude between 51-551N, where we must rely on the limited dietary sources of vitamin D for much of the year. All mothers are advised to give their newborn infants 5 mg of vitamin D 3 every day (Health Service Executive, 2010). There is a paucity of data looking at dietary intakes of vitamin D among pregnant women in Ireland. Thus, the aims of our study were to examine dietary vitamin D intakes among pregnant women during each stage of pregnancy, and in particular we aimed to describe the main foods contributing to total vitamin D intake, data for which are not available in pregnancy.
Methods
This is a prospective observational study throughout pregnancy with institutional ethics approval and informed written maternal consent. A total of 64 healthy Caucasian women were recruited in early pregnancy and were followed prospectively throughout pregnancy. All women were over 18 years of age, with no underlying medical disorders and with adequate English. Women taking vitamin D supplements were excluded, therefore this study contained only women without dietary vitamin D supplements. Weight and height were measured and body mass index (BMI) was calculated by dividing weight in kilograms by the square of the height in metres. 'Healthy weight' was defined by BMI between 18.5-24.9 kg/m 2 ; 'overweight' as BMI 25-29.9 kg/m 2 ; and 'obese' as BMIX30 kg/m 2 (Institute of Medicine, Committee on Nutrition Status during Pregnancy and Lactation, 1990). Food and beverage intakes were assessed using a 3-day food diary (3-d FD), which was first completed 1-2 weeks following first antenatal visit. Participants recorded in as much detail as possible their food and beverage intakes over 3 consecutive days, including one weekend day during each trimester of pregnancy. Food portion sizes were estimated using household measures and if it was not recorded clearly it was quantified by a research dietitian using the average portion sizes according to the food standards agency (Crawley, 2006) . Dietary data from the FDs were entered into NetWISP version 3.0 (Tinuviel Software, Llanfechell, Anglesey, UK). The food composition databank in WISP is derived from the 6th edition of McCance and Widdowson's 'The Composition of Food' 2002. A total of 17 food groups previously existed in the WISP database and six additional food groups were created by dividing some pre-existing food groups. For example a 'meat and meat products' group was broken down into three more defined groups: 'red meat', 'poultry' and 'other meats' groups. The 'other meats' food group included offal and processed meats. Descriptive statistical analyses were carried out using PASW Statistics version 18.0 (SPSS Inc., Chicago, IL, USA).
Results
Baseline characteristics and median vitamin D intakes of the sample are shown in Table 1 . There was no significant seasonal difference in vitamin D intake. In all, 23 women (35.4%) were considered to be 'healthy weight'; 16 (24.6%) were 'overweight' and 26 (40%) were 'obese'. All women were of Caucasian ethnicity with 94% from Ireland and 6% from other European countries. The main food groups contributing to vitamin D intake during each trimester are illustrated in Figure 1 . The food groups shown for trimester 1 contributed to 50% of total vitamin D intake. The remaining 50% of vitamin D in the 1st trimester came from breads, pasta and grains and other foods.
Discussion
To our knowledge this is the first study to include data on food groups contributing to vitamin D intake in pregnant women. The findings from this study revealed low dietary intake of vitamin D among this obstetric cohort. One previous Irish study in pregnant women (O'Riordan et al., 2008) Oily Fish Figure 1 The main food groups contributing to vitamin D intake (%).
Insufficient vitamin D during pregnancy CA McGowan et al fish, the richest dietary source of vitamin D only contributed between 1-9% of total intake, due to low numbers of consumers. Only three (5%) women consumed oily fish in the 1st trimester compared with 15 (23%) women in the 2nd trimester. Across the three trimesters the 'other meats' and 'eggs' groups gave the largest contribution to vitamin D intake. It is also of interest to note that consumption of most food groups was significantly lower in the first trimester of pregnancy (Po0.05) with the exception of breakfast cereals, most of which are fortified and provided highest amounts of vitamin D in the 1st trimester. Pregnant women commonly suffer from nausea in early pregnancy and are often recommended to consume plain carbohydrate foods to alleviate symptoms and this may explain this finding. It is clear that pregnant women need more education on the importance of vitamin D in pregnancy and also that there are other foods apart from oily fish that will provide some vitamin D, namely, fortified breakfast cereals, eggs and meat. This is particularly applicable for women who dislike oily fish. Future research ought to look at sunlight exposure and supplement use along with dietary intake and maternal status in order to decipher how much vitamin D we need to consume to reach recommendations. A food frequency questionnaire or longer recording period may have yielded a more accurate estimation of vitamin D intake; however, in this study 3-day's food intake was recorded during each trimester of pregnancy yielding a total of 9 recording days per patient giving a reasonably good estimated intake during pregnancy. The dietary recommendations for Ireland will be reviewed later this year but currently stand at 10 mg/d for vitamin D (FSAI, 1999) . Only one woman achieved this level of intake from dietary sources and this participant consumed at least one portion of oily fish during the 3 recording days. The number of pregnant women consuming oily fish in this study was low, thus, raising the questions of whether supplementation of vitamin D during pregnancy is warranted. Randomised control trials delineating the type and timing of vitamin D supplementation in pregnancy will provide the information with which to advise pregnant women at risk of vitamin D insufficiency.
These data also bring to light the need to look at other foods that can contribute to total vitamin D intake instead of oily fish such as fortified breakfast cereals, eggs and meats.
Conflict of interest
The authors declare no conflict of interest.
